In a recent paper Sweetman et al. (1971) described the effects of a novel energy-transfer inhibitor, 2-phenylisatogen, on rat liver mitochondria. The effects of 2-phenylindolone, one of the reduction products of the isatogen, on energy-linked reactions in rat liver submitochondrial particles have now been investigated by A. P. G., A. J. S. and M. H. at the Sunderland Polytechnic. Since the results obtained showed a marked similarity to those obtained by K. J. C., C. R. L. and R. B. B. at Shell Research Ltd., who have been using ['4C]N-ethylmaleimide to correlate inhibition of the partial reactions of oxidative phosphorylation with the binding of the thiol-blocking reagent to mitochondria1 membranes, we present them as a joint communication.
no attempt had been made to label isolated membrane components containing these thiol groups. Ox heart submitochondrial particles were used in the work on N-ethylmaleimide to avoid problems with the mercurial-sensitive phosphate-porter (Tyler, 1968 ; Fonyo & Bessman, 1968) . The reactions studied with 2-phenylindolone and N-ethylmaleimide included NADH and succinate oxidation, energy-linked and non-energy-linked transhydrogenases, Mg'+-stirnulated adenosine-triphosphatase and the ATP-driven reduction of NAD+ by succinate.
Without preincubation, lOnmol of 2-phenylindolone/mg of submitochondrialparticle protein inhibited the non-energy-linked transhydrogenase by 37.7 %, the ATPdriven transhydrogenase by 55.7 % and the aerobically driven reaction by 65.1 %. The same concentration inhibited the ATP-driven reduction of NAD+ by succinate by 72.5 %, but had no effect on the oxidation of succinate or NADH or on the Mg'+-stirnulated adenosine triphosphatase. The degree of inhibition of the two transhydrogenases was very similar to that seen with the thiol-blocking reagent N-ethylmaleimide. It was found that lOnmol of Nethylmaleimide/mg of submitochondrial-particle protein inhibited the non-energylinked reaction by 60.2 % and the ATP-driven reaction by 89.7 %. The N-ethylmaleimide was incubated with the particles for 14h at 2°C before measurement of the reaction. It was also found that lOnmol of inhibitor/mg of submitochondrial-particle protein failed to inhibit the Mg*+-stimulated adenosine triphosphatase during 2.5 h at 2°C; on the contrary, a variable stimulation of between 10 and 50% was observed.
The ATP-driven reduction of NAD+ by succinate was inhibited by 35 % with lOnmol of N-ethylmaleimide/mg of submitochondrial-particle protein during 2.5 h at 2°C. However, the same concentration of N-ethylmaleimide inhibited NADH oxidation by 33% after lOmin at 2°C. It was therefore concluded that the inhibition of the ATPdriven reduction of NAD+ by succinate by N-ethylmaleimide was probably due to an interaction with the NADH dehydrogenase enzyme system present in the particles.
The binding of [14C]N-ethylmaleimide was correlated with its inhibitory activity against the non-energy-linked and energy-linked transhydrogenases and with its stimulation of the Mg'+-stimulated adenosine triphosphatase (Fig. 1) . The transhydrogenase reaction was chosen for this work since it does not involve the electrontransport-chain enzymes, some of which are sensitive to thiol-blocking reagents. After measurement of the reactions the submitochondrial particles were solubilized in a sodium dodecyl sulphate-dithiothreitol-EDTA solution and subjected to electrophoresis in polyacrylamide gels (Cattell et al., 1971) . The distribution of radioactivity was then determined in each gel. The results obtained were surprising, since the single major The non-energy-linked transhydrogenase activity ( A ) was measured in a medium containing (final concentrations) 250m~-sucrose, 5 mM-MgCI,, 5Om~-Tris--chloride buffer, pH8.0,0.66p~-rotenone, 400p~-ethanol, ~~~M -N A D + , 300pg of yeast alcohol dehydrogenase and 1 m -K C N ; the temperature was 30°C. Submitochondrial particles (1 mg of protein) were added, followed after 1 min by NADP' to a final concentration of 3 3 0~~. The final volume was 3 ml and the reduction of NADP+ was determined by measuring by the change in extinction at 340nm with a Zeiss PMQII or a Unicam SP. 800 spectrophotometer. The ATP-driven transhydrogenase activity (0) was measured as for the nonenergy-linked reaction except that ATP (final concentration 1 . 3 3 m~) was added 1 min after the NADP+.
[14C]N-Ethylmaleimide was preincubated with the particles for 14 h at 2°C and then the excess of [14C]N-ethylmaleimide was washed off by centrifugation. Adenosine triphosphatase activity ( 0 ) was measured as follows. Submitochondrial particles (1 mg of protein) were preincubated at 30°C for 3 min in a solution containing 250pmol of sucrose, 25pmol of Tris-sulphate buffer, pH7.4, 0.3pmol of NADH, lpmol of KCN, 50pg of lactate dehydrogenase and 25pg of pyruvate kinase in a volume of 0.84ml. To start the reaction a prewarmed solution containing 2pmol of ATP, 2pmol of phosphoenolpyruvate and 50pmol of Tris-sulphate buffer, pH7.4, in 0.16ml was added. NADH oxidation was measured at 340nm. The [14C]N-ethylmaleimide was preincubated with the particles for 2.5 h at 2"C, and the particles were then washed to remove excess of inhibitor. Radioactivity (Q) was measured in a Packard Tri-Carb liquid-scintillation spectrometer in a solution containing Cab-0-Sil (Packard Instrument Co. Inc., La Grange, Ill., U.S.A.) to keep solid material in suspension. 5mhl-dithiothreitol and 0.1 M-sodium phosphate buffer, pH7.0. Between 50 and lOOpg of protein was loaded on the gels, which were prepared from a solution containing acrylamide solution (20% acrylamide, 0.06 % NN-methylenebisacrylamide and 1 % sodium dodecyl sulphate in 0.1 M-sodium phosphate buffer, pH7.0), reservoir buffer solution (1 % sodium dodecyl sulphate in 0.1 M-sodium phosphate buffer, pH7.0), 1.5 % ammonium persulphate and NNN'N'-tetramethyl-1,2-diaminoethane (15 : 13 : 5 : 1.5 : 0.04, by vol.). The gels were pre-run at 4mA/gel, and after 1 h the upper-reservoir buffer solution was removed and 2p1 of 0.5 % (w/v) Bromophenol Blue in water and up to loop1 of sample solution were layered on the surface of the gels. The gel tubes and reservoir were carefully filled with buffer solution. Electrophoresis was carried out at 4mA/gel until the Bromophenol Blue had migrated about 6cm. The gels were washed in two changes of 50% (w/v) trichloroacetic acid over 20h to fix the protein and to remove residual sodium dodecyl sulphate, which was found to inhibit the staining. The gels were stained for 2h in 0.25%
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Coomassie Brilliant Blue in 20 % (w/v) trichloroacetic acid. The gels were de-stained by washing in several changes of 7 % (v/v) acetic acid for 4-5 days. Permanent records of gel patterns were obtained with a Joyce-Loebl densitometer. The distribution of radioactivity in the gels was determined by slicing them into 1 mm discs with a gel slicer (Mickle Laboratory Engineering Co., Gomshall, Surrey, U.K.) and dissolvingeach disc in 1 ml of 28 % (w/v) H2O3 by heating at 80°C for 14 h and measuring radioactivity in each solution.
Upper trace, densitometric readings : lower trace, radioactivity. 534th MEETING, NOTTINGHAM protein band was labelled in each incubation. The specific radioactivity of this band, as measured by the ratio of radioactivity to absorbance at 280nm in the band, increased with increasing N-ethylmaleimide concentration. Fig. 2 shows the distribution of ['4C]N-ethylmaleimide and protein in the gels for the sample treated with lOnmol of ['4C]N-ethylmaleimide/mg of submitochondrial-particle protein for 14 h. Griffiths & Roberton (1966) and Lee & Ernster (1966) showed that the non-energylinked and energy-linked transhydrogenase reactions involved the same enzyme. Thus the difference in inhibition of these two reactions obtained with both the indolone and N-ethylmaleimide is surprising in view of their lack of activity against the Mg2+-stimulated adenosine triphosphatase. If the polyacrylamide gels did separate all the labelled proteins, then it would seem that only one set of thiol groups is involved in the reactions inhibited by N-ethylmaleimide. This makes a very complicated argument for the mechanism of the reactions measured.
Although the binding of 2-phenylindolone to submitochondrial particles has not yet been studied in detail, preliminary work with rat liver mitochondria revealed that N-ethylmaleimide decreased the binding capacity for the indolone. In view of the similar extents of inhibition of the transhydrogenases and the Mg2+-stimulated adenosine triphosphatase obtained with the indolone and N-ethylmaleimide, it is possible that these two compounds have the same site of action.
